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Absorption of flavonoids from Abelmoschus manihot extract
by in situ intestinal perfusion
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Abstract: To explore the mechanism of the absorption of flavonoids from Abelmoschus manihot flowers,
in situ intestinal recirculation was performed to study the effect of the absorption at different concentrations and
different intestinal regions. To evaluate the conditions of the absorption of six flavonoids from Abelmoschus
manihot flowers, the concentrations of Abelmoschus manihot in the perfusion solution were determined by HPLC
at predesigned time. And we have investigated the inhibitory effect of six flavonoids from Abelmoschus
manihot flowers on P-glycoprotein (P-gp) drug efflux pump. The results demonstrated that the absorption rates
of flavonoids from Abelmoschus manihot flowers are not significantly different (P > 0.05) at various drug
concentrations, the absorption of flavonoids from Abelmoschus manihot flowers is a first-order process with the
passive diffusion mechanism. The absorption rates of each of flavonoids are significantly different. The
absorption rate of flavonoid glycoside was lower than that of aglycone; the flavonoids from Abelmoschus manihot
flowers could be absorbed in all of the intestinal segments. The best parts of intestine to absorb hyperoside and
myricetin are jejunum and duodenum, separately. Verapamil could enhance the absorption of isoquercitrin,
hyperoside, myricetin and quercetin-3'-O-glucoside by inhibiting P-glycoprotein (P-gp) drug efflux pump.
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Figure 1 The chemical structures of flavonoids from Abelmoschus
manihot. Gal: Galactose; Glc: Glucose; GlcA: Glucuronic acid
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Table 1 HPLC data for calibration graphs

Linear regression Linear range

Analyte data /ug-mL™"
Hyperoside y=17851x—23411 1.0000 0.4-10.0
Isoquercitrin y=27095x—-29024 09994 0.3-6.5
Hibifolin y=20218x-22653 09996 0.5-11.5
Myricetin y=33151x—-74788 09999 0.5-11.2
Quercetin-3'-O-glucoside  y=61071x— 64 810 0.9999  0.8-18.7

Quercetin y=14543x+20959 09996 0.1-2.5
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Figure 2 HPLC chromatograms of Abe/moschus manihot. A:

Blank phenol red circulation solution; B: Solution of reference
substance; C: Solution of sample. 1: Hyperoside; 2: Isoquercitrin;
3: Hibifolin; 4: Myricetin; 5: Quercetin-3'-O-glucoside; 6:
Quercetin; 7: Phenol red
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Table 2 Absorption parameters of different concentrations of
Abelmoschus manihot at intestinal segments in rats (n =5, X *s)

Compound C/ug-mL™" K/h! P/%

Hyperoside High 0.057 6 +£0.009 7 14.70 £ 1.52
Middle 0.048 0 +£0.023 4 14.32 +£2.65
Low 0.049 6 £0.019 8 14.06 +4.55
Isoquercitrin High 0.096 3+0.019 0 20.04 +3.55
Middle 0.078 7+0.028 8 19.14 £3.02
Low 0.070 0 £ 0.035 4 18.73 +£7.94
Hibifolin High 0.095 3 +£0.047 9 16.90 + 7.61
Middle 0.094 6 +0.023 8 18.60 +2.55
Low 0.088 8 £0.053 8 13.16 £7.21
Myricetin High 0.461 7+0.095 4 38.06+5.12
Middle 0.4263+0.292 6 33.85+3.56

Low - -
Quercetin-3'- High 0.158 5+0.048 6 27.54+£5.29
O-glucoside Middle 0.1274+0.043 5 22.51+4.03
Low 0.1194+0.0599 21.29+7.11
Quercetin High 0.1957+0.076 7 29.45+5.57
Middle 0.1632+0.062 7 24.65+5.71

Low - -

Table 3 Absorption parameters of Abelmoschus manihot in
different parts of intestine in rats (n =5, x+s)

Compound Intestinal segment Ka/h" Pl%
Hyperoside Duodenum 0.066 0+0.0150 17.85+4.65
Jejunum 0.0755+0.0260 18.62+4.23
Tleum 0.061 0+0.0149 14.77 +3.00
Colon 0.0371+0.0123 12.74+4.25
Isoquercitrin Duodenum 0.0659+0.0205  18.69 +£4.09
Jejunum 0.0681+0.0789  18.83 +3.61
Tleum 0.0516+0.0145 11.91+2.85
Colon 0.0464+0.0238 14.01 £3.52
Hibifolin Duodenum 0.078 1 £0.0257 20.44+6.14
Jejunum 0.1032+0.0455 22.60+6.95
Tleum 0.0812+0.0622 16.52+7.87
Colon 0.0997+0.0617 21.40+7.75
Myricetin Duodenum 0.3314+0.1898 34.42+1.02
Jejunum 0.2246+0.1499 28.73+8.27
Tleum 0.1879+0.1301 18.07 +8.42
Colon 0.1895+0.1575 29.86 +8.61
Quercetin-3'- Duodenum 0.0854+0.0143 20.30+4.67
O-glucoside  Jejunum 0.0995+0.0367 21.99+5.21
Tleum 0.0864+0.0652 17.23+8.26
Colon 0.0948+0.0543 20.18+7.26
Quercetin Duodenum 0.1612+0.0399  29.11 + 8.80
Jejunum 0.1556+0.0902  28.75+2.37
Tleum 0.1853+0.2105 24.31+4.98
Colon 0216 1+0.1580 29.86 +8.34
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Table 4 Absorption rate constants (K,) and absorption percent (P) of Abelmoschus manihot at intestinal segments with P-glycoprotein

inhibitors inrats (n =5, x <)

Compound Control Verapamil
K/h™ P/% K/ P/%
Hyperoside 0.068 0 +0.023 4 1432 +£2.65 0.0751+0.024 8 18.50 +2.68
Isoquercitrin 0.078 7+ 0.028 8 16.14 £ 3.02 0.0917+0.0221 21.12+1.53
Hibifolin 0.094 6 +0.023 8 18.60 +2.55 0.096 5+0.036 7 21.46 +4.85
Myricetin 0.4263+0.292 6 33.85+3.56 0.5125+0.5979 42.79 £2.54
Quercetin-3'-0-glucoside 0.1274+0.043 5 22.51 +4.03 0.150 9 +0.021 4 28.71 £0.79
Quercetin 0.163 2 +0.062 7 24.65 +5.71 0.198 9 +0.086 6 31.82+8.21
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